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Introduction

Abstract
Thi s

study combi ne s an enzyme/surfactant

In the past, fl l tration techniques for the
exami nation of dairy products have not been
feasible for a variety of reasons. Primarily,
dairy products and in part icular , ice cream ,
are inherently viscous because of the presence
of fat and casein micelles making filtration

treatment with centrifugal ion and prefi ltra t ion
to solubilize food constituents in a dairy
product
containing
listeri a
monocytogenes,
remove the constituents by a second filtration
and examine the isolated bacteria under the
scanning electron microscope . Treatment of an
ice cream mix with a comb ined 2% (w/w} trypsin

virtually

impossible.

Nutting

et

al.

(1959)

investigated the use of membrane filtration to
select colifonns and pioneered the use of warmed
surfacta nt (Tr iton X-100) added to i ce cream
to maximize its filterable volume . Sharpe et

and 2% (w/w) Tween 80 so lu tion for 20 minutes

at 35 °C resulted i n proteo lysis of the dairy
mix without lysing the bacte ria. Centr i fugatio n
at 4300 x g for 20 minutes at 5°C co nce ntr ated
t he ba cteria in t he f orm of a pellet whi ch was
subsequently purified through a pref ilter system
prior
to
a
final
filtration
through
a
polycarbonate filter with 0. 4 ~m pores.
The
bacteria on the filter were fix ed in a
glutaraldehyde so lution, postfixed with osmium
tetroxide, dehydrated in an ethanol series,
impregnated with hexamethy ldi si lizane and airdried.
This procedure made it possible to
retrieve sufficient concentrations of purified
bacteria on the filter for examination in the

al.

(1979)

investiga ted a nurrber of foods

and

t he effec t s of dilut ion, temperature , pressure,
enzymes and su rfactant s on t heir abi lity to be
s uccessful ly filtered using hydrophobi c grid
membrane fi 1ter (HGMF) and t he membrane fi 1ter
(MF)

techniques.

Peterki n

and

Sharpe

( 1980)

demo nstrated the increased recovery of five
corrrnon bacteria from ice cream using membrane
filtration and 'incubation with a protease and
surfactant.

En tis

et

al.

( 1982)

developed

a

prefiltration , enzyme (trypsin) and surfactant
(Tween 80) treatment prior to application of
the HGMF technique for the enumeration of
coliform bacteria from dairy products.
They
showed that the use of an enzyme/surfactant
technique was not deleterious to the cells as
measured by the aerobic plate count .
The above enzyme/surfacta nt met hods have
been a pp 1i ed to dairy pro du cts to remove interfe r i ng substances, all owin g bacteria 1 enumeration .
Previous effor ts by Amelang (1988 ,

SEM.
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unpu bl ished) demonstrated th e ne ed to app l y thi s

procedure to scanning electron microscopy to
obtai n "c l ean 11 ima ges of bacteria grow in g in
the ice cream mix.
Pasteurized da iry products other than fluid
milk have relatively low nu11bers of micro KEY WORDS:
Listeria monocyto genes ,
Tween 80, icecreaffi, polycarbonate
hexamethyldi s i 1i zane

organisms,< 50 , 000/g (Anon . , 1985) and no food-

trypsin,
filters ,

borne pathogens shou 1d be present in the
finished product .
Listeria monocytogenes has
been iso l ated from milk and da1ry products and
known as a
i s becoming increasingly well
dangerous food path ogen. Over 33 ready-to - eat
dairy products , pri mar il y ice cream and novelty
items , have bee n recalled si nce 1985 because
of contamina tion by ..!:. . mo nocytogenes.
This
organism
can
pro li ferate
at refrigeration
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temperatures and survive at freezer temperatures; hence the reaso n fo r concern within the
food indus try.
This study uti 1 i zes the enzyme/surfactant
treatment (Nutting et al. 1959; Sharpe et al .,
1979;

Peterkin and

Sharpe

1980; a nd

under phase contrast microscopy (Zeiss Axioskop,
Car l Ze is s, Inc., West Germany) to ensure the
presence of the microorganism.
Viab l e cells
exhibiting the tumbling moti lity characteristic
of this organism were evident. The sample was
prefi ltered using a 13 11111 Prefilter Type AP25

Entis et

(Millipore Corp . , Bedford, MA) and the filtrate

al. 1982) prior to the filtration and fixation
necessary for observation of _h. monocytogenes
cells with the scanning electron microscope.
Chemical toxicity was perfonned to ensure that
the enzyme/surfactant treatment did not have
a de l eterious effect on the size or morphology
of the ce ll s. Three drying techniques: hexamethyldisilizane-HMDS

(Nation,

1983),

was subsequently passed through a 13 rrm polycarbonate filter 0.4 fl m pore (Nucleopore Corp.,
Pleasanton, CA).

Preparation of Filters for SEM
After final filtration, the filters were
transferred from the s...,,inne.y hold ers (Gelman
Sciences Inc., Ann Arbor, MI) to CPO specimen processing
capsules
{Bi oRad
Mi crosci ence,

critical

point drying (CPO). and freeze drying were compared to obtain the method which would yield
c lear micrographs.
Morphological size differences, which could occur when _h. monocytogenes
is grown under less than optimum conditions
could lead to ni sidentification and underreporting of this organism and therefore were
investigated.

Cambridge , MA) and immersed in 3% glutaraldehyde
(GA) in 0.15M sodium cacodylate buffer, pH~7.1

(Electron
Microscopy
Sciences-EMS,
Ft.
Washington, PA) for 1 h at room temperature.
After removal of the glutaraldehyde and three
washes in the same buffer concentration, the
samp l es were postfixed in vapor saturated with
1% osmium tetroxide in 0.15M sodium cacodylate

Materia l and Methods

buffer , pH=7.1 (EMS) for I hat room temperature

under a hood. The samples were then washed in
distilled water, followed by dehydration in a
gradient series of ethanol baths for 3 min each.
Two methods of drying were used.
One set of
capsules was capped and transferred to a Polaron

Pr eparation of Inoculum

t~ommo;hecy~~1~~~! c~~~ae~nt i;~o~j

: ~~~leob::i~~~
University of Wisconsin.
The culture was
maintained on trypticase soy agar supplemented
with 0.6% yeast extract (TSYE agar, Baltimore
Biological

Laboratory-BBL,

Cockeysville,

[3000 Critical Point Dryer (BioRad) and C02
(CP~31.5"C and 7.5xl06 Pa)was used as the final

t ran s itional fluid.

MD)

with

and air-dried {AD) for 1 h. All filters were
mounted onto aluminum stubs with double sticky
tabs and a spot of colloidal silver and sputtercoated with 28 nm of gold in a PS-2 Sputter
Coater (Inter nation al Scientific InstrumentslSI, Pleasanton, CA).
The prepared stubs were
an
lSI-60
Scanning
Electron
viewed
using
Microscope operated at an accelerating voltage
of 10 kV and photographed using Polaroid 52 fi l m

0.6 % yeast extract (TSYE broth, BBL) was

inoculated by the loop method and allowed to
incubate for 18 h at 35°C.
From an active ly growing 18 h culture serial
dilutions were nade in potassium phosphate
buffer (0 . 1% stock,

pH~7.2,

Bell et a l., 19B5)

to obtain a concentration of approximately 10
cells/ml. Ten milli liters of the culture were
added to 500 ml of ice cream mix and incubated
for 10 h at 35° C to achieve logarithmic phase
of growth. This suspensio n was t hen used for
the enzyme/surfactant studies.
The ultra-high temperature-treated, unflavored ice cream mix was obtai ned from HP Hood
(Boston,
MA)
and conta ined the
following
ingredients and concentrat ions (w/v): sk i m milk,
43 . 12%; cream 43.93%; condensed skim milk,
5.35%; gran ulated sugar, 16%; stabilizer, 0.5%
and emulsifier, 0. 1%.
It contained 14% milk
fat an d was stored frozen at -20°C prior to use.
Enzfme/Surfactant Treatment
he 1ce cream m1x was treated with an enzyme,

( IS0-400).
Freeze Drying (FD) Method

A 10 ml ice cream mix sample was subjected
to the enzyme/surfactant treatment, fi 1tered and
the filter was mounted onto an aluminum stub .
The stub was initially placed onto a polished
copper block cooled in liquid nitrogen and then
t ran sferred to a Virtis 15 SRC Sublimator (Virtis
Company Inc . , Gardiner, NY) and dried according
to the manufacturer's in structions.
Following
sub limation , the stubs were gold coated and
viewed in the SEM.
Chemical Toxicity Study
The three chemica 1s (trypsin , Triton X-100,
and Tween 80) were tested for detrimental effects
on the growth or co 1any size of h. monocytogenes
prior to use in any treatments . Samples of the
culture grown in TSYE broth were incubated for
20 min at 35° C with two concentrations of each

2.0% w/w trypsi n (Sigma Chemical Co., St. Louis,

MO)

and a surfactant , either 1.0% w/w Triton

X-100 (Alkyaryl polyether alcohol, J. T. Baker
Chemical Co . , Phillipsburg, NJ) or 2% w/w Tween

80 (Polyoxyethylene sorbitan monooleate, Difco
laboratories, Detroit , MI ) prior to filtration.
Each 10 ml-treated samp le was incubated for 20
min at 35°C and centrifuged at 4300 x g (Sorval1
Superspeed RC2-B, Ivan Sorvall Inc . , Norwalk,
CT)

for

20

min

at

5"C.

The

pellet

The second set of capsu l es

was treated with two 3 min baths of HMOS (EMS)

slants at 4°C .
Prior to use, a 10 ml tube
containing trypticase soy broth supp lemented

chemical

(0.5 and 1.0% for Triton X-100, or 1.0

and 2. 0% for trypsin and Tween 80) . The samp l es
were subseq uently serially diluted and p1a ted
onto the surface of TSYE broth containing 1.5%
agar . Afte r incubation for 48 h at 35°C, these
plates were enumerated and colony sizes were
measured .
These experiments were performed in

was

resuspended in 10 ml potassium phosphate buffer
solution . A sample of the suspension was viewed
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duplicate.
Size and Morphology Study of Cells at Different
Temperatures
Ice cream mix samples were inoculated with
actively growing cultures of .b_ . monoc[togenes
and incubated at three temperatures: 4° , 21°C,
3s•c for 5 d, 14 h and 10 h, respectively, to
obta in cells in l ogarithm ic phase of growth.
These time/temperature combinations were deter·
mined through preliminary growth curve observations.
Following in c ubation, these samp le s
were treated according to the previously outlined
enzyme/surfactant procedure using 2.Q% trypsin
and 2.0% Tween 80. For examination with the SEM
the filters were fixed, dehydrated, and critical
point dried us ing C0 2 as the transitional fluid.
Measurements of the bacterial cells in the photomicrographs were taken using the Maclntizer
System (GTCO Corp., Rockville, MD) with the
MacMeasure Program (Hook and Rasband, lg87) and
analyzed using the Dunnett's test procedure
(Steel and Torrie, lgSO).
The following flow
chart clarifies the sequence of pretreatments
and SEM preparations:

b·

Results and Discussion
Enzyme and Surfactant Treatment
Trypsin combinations with either Triton X100 or Tween 80 were compared to detenni ne the
more suitable surfactant for this treatment.
After initial screening, we concluded that the
combination of 2.0% trypsin and 2.0 ~ Tween 80
produced images with substantial breakdown of
the unfilterab le portions of the ice cream mix
(i.e., fats and proteins). Figure I shows that
this com bination enhances the breakdown and
filtration and allows the recovery of a population of cells. Figure 2, a micrograp h of diluted
but untreated suspension from prel irninary work.
in this lab by J. Amelang, is evidence that
without such treatment, isolation of the bacteria
from the ice cream mix is impossible.
The enzyme/surfactant treatments supplement
the work reported by Sharpe et al. (lg/g),
Peterkin and Sharpe (lg80), and Entis et al.
(1982).
Previous reports also use enzymes and
surfactants prior to the filtering of foods to
obtain bacterial cell counts.
Our objective,
however, was to solubilize corpuscular food
canst ituents
without
damaging the bacteria,
filter off the solution and examine the remaining
bacteria by SEM . This method was performed more
easily than previous procedures mentioned above
because enzyme and surfactant were added directly
to the ice cream sample avoiding the need for
stock so lutions and sample diluti on . Using our
method, applications for determining microbial
counts by the plate co un t method or observations
of cells by bright field could be performed. It
is
evident
from
the micrographs
that the
treatment is effective in breaking down the
components of the ice c ream mix while not
affec ting
the
quantity or quality of .b_.
monocytogenes cells.
Freeze-Oryi ng Method
We hoped that a freeze-drying method would
c ircumvent the need for the convent i onal and time
c onsuming fixing and drying procedures.
Examination of Figure 3 showing a filter of a treated
sampl e demonstrates the amount of un s olubilized
components obscuring the bacteria and indicates
that the additional baths of e:hanol in the CPO
or HMOS methods of drying actually aid in the
further remova l of those components .
Chemical Toxicity Study
Prel1m1nary chem1cal
toxicity experiments
verified that trypsin, Triton X-100, and Twee n
80 did not have a deleterious effect on the
survival, colony size, or morpho l ogy of .b_.
monocytogenes.
It is evident from the data
obtained in replicated experiments (Table 1} that
there is no difference in total number s and very
little difference in colony sizes after exposure
to these chemicals when compared with the
untreated sample.
This
finding correlates with
the work
performed by Entis et al. (1982) in which total
bacterial cell counts from erzyme-treated and
fi 1tered foods were comparea with filtered
untreated foods.
No decrease in numbers was
obtained in the treated samples. Further support
for survival of bacterial cells is illustrated

monocytogenes + Ice Cream Mix Suspension

t
Enzyme/Surfac tant Treatment
2% w/w Trypsin + 2% w/w/ Tween 80

t
Centrifugation
4300 X 9

t
Resuspended pellet

t
Prefi 1ter

t
0.41Jm polycarbonate filter

t
Fixation (3 % GA)

t
Postfixation (1 % Os04)

t
Dehydration - Ethanol Series

t
CPO

t

t

FO

HMOS+AO

Technique for Ice Cream
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temperature . We were curious to see if there
were vast morphological size differences in t he
cells when grown in the ice cream mix at
different temperatures.
Christophersen (1973)
raised questions about morpho logical changes that
may or may not be evident in the bacterial ce ll

in Figures 4·6 taken from plates incubated for
48 h at 35°C. Upon visual analysis, bacterial
cell sizes and morpho logy appeared to be similar .
Size
and
Morphology
Study
at
Different
Temperatures
!:.· monocytogenes grows over a wide range of
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Table 1. Total numbers and sHe of !:_ . monocytogenes colon1es when grown 1n TSYE broth and treated
with vary1ng concen trations of tryps1n, Tr1ton X-100, or Tween 80 for 20 min, at 35°(.
Chemical
Treatment
Untreated
Trypsin
Trypsin
Triton X-100
Triton X-100
Twee n 80
Tween 80

Concentration
%

Tota 1 Number I
(CFU/ml)
3. 6
2. Q
). 5
2. 5
). 5
2. 6
3.1

1.0
2. 0
o. 5
1.0
1.0
2. 0

X
X
X
X
X

X
X

108
108
108
108
108
108
108

Size2
(mm)
3. 25
2.85
2. 65
3.00
2. 95
3. 25
3. 25

l Total numbers are estimated from duplicate plates; CFU=colony fanning units
2size is represented as the mean of seven colony diameters.

Fig .
1.
Ice
c ream mix
conta1ning
l.
monocytogenes grown for 12 h at 35° C. Sample
treated wlth 2%. trypsin and 2~ Tween 80 for 20
min, passed through a prefllter and 0.4 ~ m
polycarbonate filter.
HMOS + AD . Bar=l u m.
Figure 2.
Ice cream mix containing L.
monocytogenes grown for 48 h at 21 ° C. Treatment
included
centrifugation
and
successive
filterings (Whatman 49 filter paper and the n,
5 "m and 0.45 "m po l ycarbonate fi lters) . CPO.
Bar=l \Jm .
Fig . 3.
Filter with t r eated sam ple of l.
monocttogenes in ice cream mix grown for 7- d
at 4° and treated wtih 2% tryps i n and 2% Tween
80 . FO. Bar=! "m .
Fig. 4.
Untreated samole of !:_. monocytogenes
grown in TSYE broth for 48 h at 35'C. Bacteria
fixed on agar.
HMOS t air-dried . Bar= I JJ m.
Fig . 5. .!:.· monocytogenes grown in TSYE broth
for 48 h at 35 6 C and treated with 2% trypsin for
20 min. HMOS + AD. Bar=!" m.

Figs. 7,8,9: 1_ . monocytogenes grown in ice cream
mix, treated with 2. 0% trypsin, and 2.0% Tween
80, pre-filtered and filtered through a 0.4 "m
polycarbonate filter . CPO. Bar=l JJffi.

Fig 6. l. monocrtogenes grown 1n TYSE broth for
48 h at -35 6 C and treated w1 t h 2% Tween 80 for
20 min. HMOS + AD. Bar=!" m.

Fig. 7.
Fig . 8.
Fig. 9.
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Culture condit ons 7 d at 4°C.
Culture condit ons 12 h at 35' C.
Culture condit ons 15 h at 2l'C .
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grown under suboptimum temperature co ndi tions.
The observance of size differen ces or sig n ificant
morphologica l changes from rods to cocci cou l d
indicate inadequacies in t he testing of i ce cream
mix for t he presence of pathogens, leading to
possible miside ntificat ion, especially of l.
mo nocvtoge nes. Because this is a major concern
t o the da1ry indu s:ry as a whole, the samp l es
were in ocu l a t ed a nd kept at either 4" C, 21" C,
or 35" C for th e l e ngth of time nee de d for th e
ce ll s t o achieve logarithmic growth. Th e sa mpl es
then und e rwent the previously describ ed enzyme/
surfacta nt treatment, ce ntrifugation, pre filtration and fi xat i on.
All
filters were the n
crit i ca l point-dried, gold coated and viewed in
the SEM.
Figures 7, 8 , 9 show samples at all
three temperatures.
Measurements of the ce 11 s
were t aken from eac h fi gure and were compared
usi ng statistical analysis . The results indicate
no significant size differences among the three
temperatures although the samples grown at 35° C
did appear smaller tha n those grown at the lower
temperature.

The presence of .!:_ . monocytogenes in ice cream
mix has been pr ev i ous l y enumerated by plating
techniques but because of the density of the mix
co nstitue nt s , microscopic viewing of the samp l e
ha s
been
diffi c ult.
An
enzyme/ s urfa cta nt
treatment with 2 . 0% trypsin and 2.0 % Tw ee n 80
when couple d with centr ifugation and filtration
yie ld s micrograp hs of accep table quality.
Whil e
the quicker drying method using HMOS can be used
to indi cate recovery of cells, CPO remains the
met hod of c hoi ce where size or morpho l ogica l
changes are concerned .
These pretreatment a nd
SEM preparative tec hni ques can be easily used
and do not have de l eter i ous effects on the
bacteria. The poss i bility of using SEM to answer
microbiological questions in ice cream is now
feasible .

Discussion with Reviewers
C.W . Donnelly: Are th e me thod s de vel oped appli ca ble to retri eva l of Li s t e ria fr om other food
systems, such as mea t s?
W a t CJbout tissue
samples? If so, t he met hods co uld be ex tremely
useful for human and animal ep idem iologic a l
st udi es .
Aut hors : Altho ug h ex per i me nts ad dr essing ot her
l'"OOd'"Systems have not been investigated, it can
be sunni se d from t he pro teo l ytic and surfacta nt
nature of the treatment that application is
feasible .

We are very grate ful to J . Amelang for his
pre li minary work with l ee cream mix filtratio n.
Thi s art i c l e is au thorized fo r publication as
Paper No. 8228 in th e series of the Pennsylvania
Agricultural Expe riment Station .

c.w. Donnelly: Will tre developed methods be
useful in improving our abilities to iso l ate
and detect listeria? If so , cou ld t he authors
define such~
Authors : This enzyme/surfacta n t treatment waul d
be applicab le to situatio ns in which inter ferring food s ub sta nce co uld be removed l eav in g
intact cells of L. monocytogenes. This co nce ntrated form of Cells co ul d then be added to
detection media resulting in a high er c hance
of recovery . Thi s meth od wou ld be particular l y
va luable when cell numb ers of .!:_ . mo nocytogenes
are l ow.

Anonymous. ( 1985) . Title 7 Agriculture Part
I I 1.
Bureau of Foods and Chemistry, Chapter
59, Milk Sa nitati on and Standards, PA Dept. of
Agriculture,
Conmo nwealth
of
Pennsylvania,
Harrisburg, PA.
Bell
RH , Power DA, Richardson GH. (!gas).
Media . In: Sta ndard Methods for The Examination
of Dairy Products, Richardson GH (ed), 15th
edition, America n Public Health Association,
Washi ngto n, DC, 119-132.
Chr i stophersen J. (1973).
Basic aspects
of temperature actio n on microorganisms.
In:
Temperature and Life, Precht H (e d). Spr ing er
Verlag, NY, 3-59 .

R. E. Brackett: Table 1 a nd Figure 4-6 are used
to s uppo rt the conc lu sion that trypsin, Triton
X-100, and Tween 80 do not have an a dverse
effect on _I:.. monocytoge nes ce ll s. However, data
in Table 1 indicate that colony size was reduced
by up to 23% (2% trypsin). Also it appears that
cells shown in Figure 5 (trypsin- treated) are
somewhat defonned compared to t hose in Figure
6. How do you explain this?
Authors:
Reduction in colony size does not
necessa rily
indi cate
cell
size
redu ctio n;
therefore , colony size was not a major factor
in determinin g the toxicity of t he c hem i ca l s .
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The ce 11 s in both of these micrographs were
fixed directly on agar, dehydrated, impregnated
with HMOS and air-dried.
Comparison of cells
grown at 35• c in Figu r es 4 (untreated), 5 (2
trypsin) and 6 (2% Tween 80) all of which were
treated with HMOS, ana air-dried with those in
Figure 8 (2% trypsin + 2% Tween 80) which were
also grown at 35°C and critical point dried
suggest that size and shape variations may be
due to the temperature at which the cells were

cultured or to the SEM preparation. The nondeleterious effect of t he trypsin treatment i s
s upported by the Total number data illustrated
in Table 1.

R. E.

Brackett:

describe

a

The

software

materials
program

and
for

methods
measuring

bacterial cell length and a statistical procedure of analyses.
Are results of these
analyses not presented because no significant
differen ces were found?
Also, were similar
measurements done on cells shown in Figures 46?
Authors: The results were not presented because
in ac tual ity no significant differences were
discovered. Similar statistical procedures were
not perfonned on Figures 4- 6 because visual
analysis of the cells which were critical point
dried (Figures l, 7, 8 , 9) in combination with
the data collected in Table 1 seemed adequate
to ensure no adverse ef fects upon the ce ll s .
Figures 7-9 to
Measurements were made on
inv estigate t he possibil ity of decreased size
or morphological c hanges in relation to varied
temp eratures and times of incubation.

J. Humber:
What was the final concentration
of !:· monocytogenes in the ice cream mix prior
to enzyme and surfactant treatment? Would the
procedure have been successful when lower cell
numbers are present in the ice cream mix - 10
cells perg, for ~x:tmple ?
Authors:
The
final
concentration
of
L.
rnonocytogenes in the ice cream mix prior to
treatment was 108 cells/ml .
It would be
possible
to
recover
cells
from
samples
inoculated or contaminated with low numbers of
bacteria because the centrlfugat ion and filtration following the treatment not only remove
the so 1ubi 1 i zed food compone nts but concentrate
the cells as well.
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